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A senes of new’ organolead a.rsonates, —PbOAs(O)O—, atid orga.nolead drafridtes; ﬂPbOAs(O)—« “¥iag been
prepa,red Alternate nethods of synthesis aré discussed in connection with the relative ease’ of cleava,ge of lead-
- ¢arbon and ]ead—halogcn bonds - The: prope.rnes of thesc eompounds are. dlscussed R

: Organometalllc compounds contarnmg M-0-M -
‘units (M=

‘= 'metal or: inetalloid atom) are well
known: for moleciles where M- atoms are identical

and with’ M—O-M’ units where M and M’ are.
~ dissimilar but of the samie group or subgroup it
_ -the peI‘lOd.lC table. - '
o pounds contammg a group IVA clement connected
s ‘oxygen’ to - group VA element other than.
nltrogen, phosphorus, or Cearbor) e -
“AS type: compounds, for -
rexatnple, whiere M is s111con, =3 germaniuin,*: or
tinb=7 has been: descrlbed only tecently. “The

Less well krowii: are com-

correspondmg fead - compounds ‘have: niot been

'mvesttgated for the case Where 1ead is inits tetra- :

Valent states
Synthes1s

of .Organolead Arsmates.—The

.metathesrs reattion ‘between: sodim - dnnethyl—- o

arsitiate and: tnphenyllead chiloride was successful
‘when effécted in refluxing methauol

equation -

_ The monosubsututlon product (II) resultmg frorn -
_the rcactmn of sodiin, dlmethylarsrnate with di-
' phenyllead_ dichlonde Was msoluble 1n dnnethyl—. .
:forma'.made . : RS o

:'{cns)gAs(O)ONa+(cﬁn5)zebcaz_> R

(CsHﬁ}Z(C})PbOAS(O)(CHg)Q (II) -I- NaCl

(1) R M Kary :md K. C Frrsch J’ Am Ckem Soc ; 79 2140
_(1957) )

(2 M Schn:udt and H Schn:udbaur Angew Ckem._, 71 5a3

(3) B. L. Chamberland and A G Max:D;armxd J’ Aﬂz Ckem

"S-, B2, 4542 (1960); 83, 549 (1961}

(1) M Bchmidt; . Rudiscl, and H. Schﬁndbaur Ber 94 0451

_.(1951} i
5y A W Wa.lde I—I E 'V.m Essen aud T W Zhormk U S Pa.t-
. No2,762,8210 (1956), Chem: Absir.; BL; 4424 (1987). :

(8) E. Rochow, D. Seyt'erth zmdA C Sn:uth T Am C}zem Sac,
’i’E 3009° (1953) o
(7B L) ‘Chambetland! and A G MacDiarmid; J. Chenti Sm:,

445 (1960]

- The same )

:pheny]lead %

{19503

The 1nsolub1l1ty “of II in’ d1methylformam1de

'undoubtedly was’ repons1bie “for -the ~fact'that

longer feaction” ‘timés i ‘the ‘presericé’ of ‘excess
sodini - dimethylarsiniate failed: fo produce the
dlsubstxtuted product. o

‘Ion Cleavage of Tetraphenyllead —The electro-
negatnnty of the group IVA elements’is known to

Vary mdely - Relative values for carbon, 2.55;
- silicon, 1.76; -~ gérmanium,. 1:40; - tin; 1.37; ~and

lead,; 1,13% are related to the ohserved differences
in- redetivitics :of compoéunds - containing: group

VA elémerits. bonded directly to carbon:i:Large
~ differences in. “reactivity have. been noted even
'between tetraphenyltm and tetraphenyllead and

the latter has been reported to be 60 tunes more

The reaction of tetraphenjrllead w1th HCI 1is
stepwise ! and. cati be controlled so as to isolate
éither the rnonohallde or the: relatrvely insoluble

“reaction’ when carried . out in ‘benzéne resulted in :d1hal1de wogt has not- “beent” possible” to extend

-yields of less than 1%, i accordance mth the

this subs‘ututmn process to the tri- or tetralialide.
It hag been suggested tha,t because of the Jow ' di-

: 'electnc constant of: benzene these reactmus ma.y

take place by a molecular attack of HX on tetra,-

Many organolead compounds have been pre-

'pared by the reaction of tetrasubsututed lead

compounds with nuneral ot organic acids. ™ " The
salt-like character of these compounds is suggested
by the fact:that’ compounds: derived: from:weak

. adids: generally are “nore ‘Soluble in’ organic. sol-

vents than those formed from strong acids: This

" iscoinplicated by the case of monosubstituted acid

saltsof; tet‘ra;phenyllead ‘because of the sensitivity

to clea,vage of the Secoud phenyl group by acids:to

(8} R K Shclme and K S P:tzer J Chem Pkys, 18, 595

9 (a) K. Jrrn_Young, Dzsser!atmﬂ Absir 21, 3271 (1961) (b)
R E. Dessy and K. Jim-Young, J. Am. Chem, Soc., 88, 1167 (1961)

110y H. Gilman and 7. D: Robinson, ibid;, BY, 3112 (1920}

(11) R. W. Leeper, L. Summets, and H. Gilman, Chem. Rev., 54
101.¢1954)...-, ST S '

R
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yield the disubstitited ‘acid salts, Tnphenyllead'_" s

“chloride, for example, when allowed to react with

glacial acetic acid, readily forms diphenylchloro-

lead" dcetate. Tnphenyﬂead acetate when allowed
- to react-'with-dry: hydrochloric acid in benzene
also forms d1phenylchlorolead dcetate initially;
“however, upon further redction, the acetate ion is
displaced ' to {613l Adiphenyliead dichloride, due

.primarily to: the. .almost. complete : 1nsolub1hty of . ..

thelatter in:organic solvents. «

Organolead Arsonates.~—Two’ equ1valents of“-

benzylarsonic acid when allowed to react with
triphenyllead: chloride in methanol produced an

organolead . diarsonate,. Whereas 1f propylarsomc'

acid was used in. eqmvalent molar quantities only
the monosubstltuted product ‘was: obtained, ..
. CHOH”f.----"‘-i'“
(C;I-IE)anCI + ZC&IsCHzAs(O)(Ong T i
(CaHs)sz[OAS(O)(OH)CHzCsH.s]n (III) —i—

. HCI -+ CsHs

(CsHsi)ngCl - CH3;CH3CHAs(O)(OH Jp s

(CﬁH5)2(C1)PbOAS{ 0)(OH)CH2C'HZCH3 (IV) A C.;Hs ’

;The use of p‘yndme as a solvent makes it possﬂ)Ie :

to enhance the reac:tion by the formahon of - pyri-
dine hydrochloride. . “Thus it was poss1ble to
synthe31ze the dxsubstltuted organolead arsonates

' CHN.
(CBHB)aPhCI + 2RAS(O)(OH)2 —_.,_), faey -. : )

' (CsHs)sz[OAS(O)(OH)R]g o

G, - + CsHsN Hel

'N02CGH4 (VI)

: _where R CHz—CHCHz (V) :
. or CeHa (VII)
tetraphenyllead mste_:a_,d of trzphenyllead chionde

using #m-nitrophenylarsonic acid resulted also m
the isolation of compound VI . . .

: CHEN
,( CaHsth + 2m NOzCsHaAS(O)(OH)z r—

:Reac‘uon of* tnpheny]lead chlonde and. methylar—
-sonic:-acid in/ pyridine - gave sanomalous.: regults.
In this-case two pr-od-imts', VIIT and IX, were: iso-
Hated, the former:containing a ratio of:-lead to ar-

senic of 2: 1. The second product was apparently

‘the'menosubstitittion product . which.upon heating
‘underwent dehydraﬁou to form the corresponding
‘anhydride (X). ‘Thus, it is conceivable’ that the
EoIlowmg reaction eccurred -

(C5H5)3PbC1 ~§~ CH;,AS(O)(OH)_ -

{(CoHs )e{ CIYPBOLAS(O)CH} (VIII) + .
(CsHx)s{ C1)PHOAS( O X OH )CH, (IX)

ora. cychc duner (XII)

A sumlar réaction starung with:

VI . 2c:t-,1+16

_Inorganic Chemistry ..

; ""Hzo ) . - )
IX ——— [(CiHs){ CUPLOAs(O N CH;):0 (x)

.Reaction between diphenyllead d1chlor1de and '
" disoditm methylarsonate in' diméthylformarmide -

vields a white powdery material whose analysis -

- indicates a lead—arsenic'ratio of 1:1." Tt was ot -

possible to characterize this compound further, '
although presumably the initial reaction involves .

.2 metathesis to form e1ther a linear chain strue- .
. ture. (XI)

(CﬁHs)szCIz + CHsAS(O)(ONa)z R s

o ——11|\5—~O—:Eib—0— —=(XIj'+ NaCl -
B O

(CsHs)sz<(0—AS(0)(CHs)-O)z>Pb(CsHa)s (XH)

Reactlon of Organolead Arsontes mth Glacial

Acetic' Acid.—The .reaction of ‘orgatiolead: ‘arso-

-nates with glacial acetic acid makes it possible to
-replace the arsonate growups.by deetate; y1e1d1ng1n .
-thése. cases’ eithet. diphenylledad diacetate oriidi-~ -

phenylchlorolead: acetate:  This:reaction quickly

determines whether.a mono- or disubstitution. has - -
taken place since diphenyllead diacetate:crystal-
lizes from glacial acetic acid' upon standing'and = -
can be ieasilyidentified,” whereas: diphenylchloro-
Ieéad acetate.decomposes: before meItmg and isin- .
-solublein glacial acetic acid. : el

: Since--a minimuim: of two phenyl groups are".

.-_assumed to be'attached to'the lead atom and:since

elemental analyses determine the lead-to-arsenic
ratio, it is possible to identify all four groupings -
attached to the central lead atom: In the absence -
of this reactlon it is poss1ble to have a Pb:As
ra‘t10 of 191 and” tin-ee possxble conﬁguranons,
either  the’ monosubstxtuted (C6H5)2C1PbOAs-'
(O)==, the disubstitiited cyclic product” (CGHE)2Pb‘
< [0As(O)(R)O1:>Ph(CsHg)z, or a- polymer.” In
its simplest sensé this‘reaction with’ glacial acetic’

dcid may be considered ‘as’‘a quahtatwe test for. '
_-the presence of chloride.. o o

These compounds,. havmg 1o meltmg pomts:

4up to 260°, all are insoluble in the common organic' -

solvents, thus making punﬁcatxon difficult. Asa

result the elemental analyses are, more often than . -
IS

not, unacceptable by normal standards.. _
felt, however; that they.are suﬁiuently deﬁmttve- '

to establish the identity” of ‘the cotripotinds.. de-
.seribed. It was not possible to-ascertain whether'_ .
inter- or intramolecular dehydration was réspon-



£
g
<

o compounds (

Vol. 1;-No. 4, November, 1962

sihle -for: the - deviations ~noted.: The. infrared

spe(":tra of these compoun'ds indicate that in certain’
cases this may be the case. Investigations cur—'.

rently are being carried otit to clanfy this point.

. Infrared Studies.—Our studies have shown.that
. the infrared: spectra -of -organoarsonic acids. have

some nseful absorptions whichare pertment to this

investigation. "~ Methyl-, 'phenyl-, " benzyl-, 8-
chlorownyl—, aIIyl— propyl— m—mtrophenyl— -
hydroxyphenyl-, and butylarsonic acids all. show

intense: broad absorptaons atcz.2702:and 2381~

$ 2272 em.~tusing - potassmm bromide pe]letmgf
techmques Itis assiumed these absorptlons are

assomated w1t11 the OH stretchmg v1bratlons, smce

these absorption’ bands are absent.in the cases of - _
tnphenylarsme, arSemc tnox1de, and methylarsme_ '

oxide’ : S
Infrared absorphon charactenstu: for aromahc

o compounds of lead appears as an mtense narrow
~pand at 1058 cm.~L1? We have noted. this baﬁd5

© . 'to be: mvanant for a large tigmber of: organoiead |

tammg two to four phenyl groups e

Hom.: Durmg" the ; course. of tms mves‘agaﬁon,j' '

however, it was noted that with arylléad acetates

' and aryllead arsonates ‘thatis; where there ex15tsf_ N

a PH-0 bond; the mtens1ty of the 1058 ¢

- .absorption . decreases markedly and’in somie cases -
. almost: &sappears Aryltm eompounds ha.ve an’
© - analogous absorption at 1070 cm.~! and it has -
" been:moted -that i the case ‘of -aryltin arsonates
. this “absorption’ also decreases a.nd alrhost dis-
o ﬁ-'._?a,ppears 3 - : R
S In genera.l “the organoiead arsonates .8 OW..
. '_abSOrptmn bands: in..the 750-950 cm.™! region
. which sre absent in the starting materials. - These.
“ bands presumably are’ associated 'with ‘the: Ph-0-

©As ‘bonds. "~ These barids “ate ‘intense,’ sormetifnes
- multiple in ‘nature, and broad. Tn the case of the :
' organoun arsonates, new, mtense, broad bands in .
" the.Same: general area, of the spectrum are char—_ '

actenshc

The tnpheny]lead denva’mve of d1methy1ars1mc-:
" acid” (compound I) shows two' iritense’ bands ‘at
875 and 834 cm.~Y, wheréas the diphenylchloro-_' :
. lead derivative, ; compound 11, shows an mtense E
~band at 790 em.~" that predomanates the spec-

trum: - Both compouuds show the expected methyl

and phenyl ‘vibrations plus -a weak phenyI—Pb:-

absorpt:on af; 1058 cm —t

(12) I G Noltes ML Henry, and M J’ J‘ansseu, Cksm Iﬂd‘-

(London), 208:(1950).

__ 'X;I: 770,790

) methods. The organosubstituted arsonic amds
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#Table T summarizes:the infrared spectra.of: the

‘organolead arsonates (ent 1), Column A lists the:

absorption hands formed which are present in- the

_product but’ not_m the reactants “Colurnn B lists

absorptxons hat ‘have d:sappea.red but’ Whmh
were present in the parent arsonic acid..

o TABLE 1 § S

. Organdlead, __;'Pm.i:_
T atsofiate " . arsonic actd™"

Com- (formed), /= i (d:sappeared)_-
poitmd . ;T i emTh Cooeem™be [

IIT 0. 875,855, 1015 Gy 865 2702 2280 .

VII. 853 880,778 il

IV e 8_70.'.800__:; C i 770,915, 1220, 2702 2280

VI oo 833, 760; s TBBL Lo e B
SV 0890 - 1775, 1220 -,

VIII. . 768,840, 870,880, [780, 940, 1215, 270':

IX. o 815,842, 870, 8833_;-_,.

s, 'ézo 3350

The formation of mtense bands between 770 andj
870 cm. -1 a,ppears to be charactenshc of Pb-0-As
ty'pe compounds Companson with.: Sn~O—As
spectra seems to indicate this latter structure:ab-
sorbs ‘betweén: 800 and- 900 crr, =k It-should be
realized that uutﬂ more data are avaﬂable these
absorpt1ons shoul ot e mterpreted as’ other_
than empn'lcal charactenstms of the product L

Meltmg pomts were taken wlth a Koﬂer hot stage
Organolead.. starting.. materialg - afid reference matenais
tetraphenyliead,’® tnpheny]]ead ehlonde and dxphenyllead
dichloride,® triphenyllead iodide, tnphenyﬂead acetate,‘?
and diphenyllead diacetate'® were prepa.red by pubhshed
re gener-
ously supplied by American Smeltmg & Reﬁmng Co;, Rah-
way,, N..T. through the Ia,te_ . Kary. Infrarec Espectm
were. obtamed usmg a. Pérlnn-Elmer Infracord spe&:tro-E

: photometer, it o

Tnp}mnyliead Dsmethylarsmate (I) —Sodmm cacodyl—

. ate trihydrate (Maﬂmckrodt) (10 mmoies) and tnphenyl-

lead iodide. {19, mmoles) dissolved in, 200 ml, of, ‘methanol
were reﬁuxed for 8 hr The methanol was eva,porated the
residue washed with water several times, and finally. re«
crystallized. twice from methanol y;eid pure tnphenyl-
lead dimethylarsinate, 4.2 g. (73%).

Analy: Caled, for, CuHuAsPhO,: C, 41.74; __jH 3 65;
Ph, 36: 05 As, 13 04_- Fou:id C, 41, 58 H } ]
35 20; As; 13 0. . .
. The sdme reactlon wa,s__ arned qut ‘as descrlbed above,
after 50 hr., reﬂux pul '0.3 g f trlphenyllead
dnnethylarsme,te was, prodnced : L .

Tnphenyilea.d djmethylarsmate‘ -eﬂuxed together mth

: excess glacial acetic acid produced dxphenyllead dlacetate )

(13} H. Gﬂman and _T Robmson, J' Am Chem Soc . 49 2315
(1927) ’

(14} R. Heap and B. C Saunders, J. C.&em Snc 658 (1951) -

L {15) AL Pohs, Ber., 20, 3331 {1887). FHRCTNEY i
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qiantitatively. - The ‘product® was ideutified by mixed
melting point with an authentic-sample and comparison, of
infrared spectra of an authentm sample ST

D1phenylchlorolead Dnnethylarsmate (11) —Dlphenyl—.‘
lead dichloride (10 mmo}es) together with' sod_mm cacodyl-
ate trihydrate (20 taincles); was dissolved in ‘300" mli“of
A'white insolu-

dimethylformamide and refluixed for S hr.’
ble precipitate formed on the sides of the flask during the
reaction period. The precipitate was filtered, washed with
several aliquots of water, and dried} yerd 3.1g- (76 9%)
- of diphenylehlorolead ‘dimethylarsinate. ...

Anal. Caled. for CuHiwC:AsCIPb: " C; 31. 50 H, 3 00
Pb, 38.00; A%, 144 03 ‘Found: C, 30.83;: H 3.15; Ph,
39.00; As, 13.06. :

‘A aliguot’of - dlphenylchlorolead dlmethylarsmate re-
. fuxed for several minutes with excess glacial acetic ac1d_

produced dlphenylchlorolead acetate quantltaﬁvely .

Dxphenyllead Bls—(benzyls.rsonate) (III)-anphenyl-'

lead chloride (5 mmoles), together with benzylarsonic acid
(10 mmoles}, was dissolved in 400 ml. of methanol and
reflitted for 16 hr‘ ‘A white insoluble preéipitate was pro-

duced. Filtration and Washmg with fresh sclvent yleided_

2 6 g (35%) of dlphenyllead bls-{benzyla.rsonate)
At

18.39;PH;:25.9."

~Riéaction: w1th glaclal acetic a.(‘.ld produced dlphecyllead

diacetate..

‘ Dlphenylchloroiead Propylarsonate (IV) —
lead chloride {5 mmoles), together with propyla.rsomc ac1d=

(5 miriolés), disscléed in 300 ml: ofithethatiol and refluxed
Filtration

) and washmg with - successive: portlons oi methanoi aud :

"12 by, produced a white insoluble precipitate. ;

. water ylelded dzphenylchlomlea.d propylarsonate 2 5 g
(89% yzeld)
s

s, 13 30 Pb 36 80 Found' C 3140 H,'

"chlorolead dcetatel
Diphenyllead B1s—(a11y1arsonate) (V) —AlIylarsonlc

© acid (10: mmoles), together with tnpherzy]lead chioride (5
pimglés); Wwas; Qissolved in'250 mil. of pyridine ditd héated at’

70° for 24 hr. Cooling produced 2 g. of colorless Efystals?

Filttation and washing of the’ tedidae left 2 0 - of dlphenyl- '

lead bxs—( allylarsonate); 35.4% yleld

dnali Caled. for CiHuOMsPb: C, '1'.'26 Hy8.10:

As, 2168: “Phy 30.00 I‘o!md C 30 91 H 332 AS,.

21 79: "Ph, 30.00;

Reaction with glaclal acetxc ac1d produced dlpheayllead:

d:acetate ;
Dsphenyliead Bis- (mumtrophenylarsonate} {VI)

Nitrophenylarseiic acid (10 mmoles); together w1th tn-:_

phenyllead chloride (5 mmoles) it 800 ml.of Dyridine; was
héated at 70° for 24 hr.
graduaﬂy formed durmg tlié feaction were’ filfered; washed:

with pyridine and’ methanol, and “dried ‘ander- vacuum,'-

y1e1d 93¢ (53.8%) dlphenyﬁead b;s—(m-mtrophen}i arso-
nate).
A’le Calcd fOl' CquooloASzl\ Pb C 33 76 H
2 B4: As, 17 54; Ph; 24. 29. I‘ound C 33 30 o, 2. RitiH
As, 17.40;-Pb, 23.85.
Reaction with glac:al a.ceﬁc amd produced diphenyllead

'd'iacefa'.te ;

Cach for. CzﬁHzﬁOsASQPb C; 39 50; B, 330'
As; 18903 Ph, 26 19 Found C 40 13 H,381 As,_

Tnph enyi—

Caled.” for CmHmOaAsCIPb C, 31 00;H .
3”64

: .chloroacetatc
1 dlphenyl-;

: chlorolead acetate

. ratio of 2: 1

“The” pale yellow crystals that -

' chIorolead ‘acetatel

< Inorganic Chemistry

(At alternate synthesis.of VI was carried-out:
using tet_raphenyllead and m—mtropheuylarsomc acid with .
a similar stolchiometry of 1:2. The reaction was ea,rrled-
out in pyndme at 70° for, 6 hr and the product (VI) 150-'
Iated as'described above.)’ .
" Diphényllead : Bis- (phenylarsonate) (VII) —Phenylar-'

.some acid (10 mmoles); together with: tnphenyllead iodide:

(5 mmioles),: dissclved. in pyndme was, heated 18 hr..at.
80°.. Upon:_standing . overmght whlte crystals separated
out of. sohition, ‘Filtration and air drymg yiclded 1.5'g.
(32 6%) of the d1pyndme complex of d:phenyllead bjs—
(phenylarsonate) i :
Anal Calcd fDI' CanazOsASQNsz C 4429"' .
3.58; As, 16.26;. N, 3.08;: Ph, 22.40. Found C . 43: 71 ;
H 3.49; AS,1655 N 291 Pb R _9
An a.hquot of the dlpyndme complex hoded for 1 hr Wlth':
anlivdrons methariol ‘destroyed. the com 5
pheuyllead b[s—(phenylarsonate)
s Anali v Caled. for C24H2206A.52Pb C 37745 H 2 89-
As, 19 63 Ph, 27. 10 Found C 38. 84 H 3.38; As,:
19.61; Pb, 261,07 -
A second ahquot of the pyrzdme complex boﬂed for
several mmutes with' gIacIaI acetxc acxd yxelded d;phenyI-: :
lend digcetate’: : : : SE A
wdnals Calcd for. C[sH15Pb04

(002 mole). were d1ssolved 17200 ml :

and stfréd for 12 Hiliinian oib ba.th mamtamed ‘at a tems .

peratire. of 80—90" ' The Whlte crystallme plates that

13 62 Pb 38. 4 3 : S
Reaction w1th gla.c1a1 aceuc ac1d produced:; d1p11e11y1—-
Compou.nd X boﬂed in. methanol for 30'
anin. slowly produced a precipitate no Ionger solih .
solvent. Thls appears to be the correspondmg anhydrlde- B
compound EE :
Anal Calcd fOl cqﬁI{2505A51C12sz : H :
2.47;- AS, 14.3;:: Ph; 393' Fomld G, 29 59 H 281
AQ, 14.05; Pb 3975,
Reactlon with glac:al acet1c aeui produced dlphenyI—

Bkraporahon of the ongmal pyndme SOl‘llth]l y1e1ded a
whlte powder which after Washmg W1th ‘thioroform y1e1ded .
1.49 ¢ of ‘a product which contains tead! and drsenic-in.the
A compouod siich as compound VIII SeeHts
probable el - :

i Anal.. Ca.lcd for cornpound VIII (CstzanASClszz)-
C, 82, 20 H'_247 A5,795 Phy, 445 Fou a:c 3032'
H; 2.90; As,78 Pb 4120 e

Reaction W!th glacml acetxc acid produced dlpheny— )

Réaction of: D1pheny11ead Dxchlonde and stodmm'

i Methylarsonate ——D1pheny11ead dzchlonde (0 L3 -mbole)}

and disoditm niethylarsonate (0. 01 mo!e) were. dlssolved
i dimethylformamide and reflixed for 8 hf" Durmg the
reactiona. . white powdery: precipitate gradupally forred.
The precapltate, filtered and washed with-fresh. soIvent '
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several times, vielded 6.0 g. of product insoluble in common -
organic solvents.

. Auwl.  Caled. for (CoHiO:AsPh): (XI or XII): C,
31.3; H, 2.61; As, 15.0; Pb, 41.5.

Found: C, 28.48;
H,2.72; As, 13.87; :

This pfo&uct hoiled togeﬁé with glacial aceﬁé .acid—
yielded diphenyllead diacetate..
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